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ABSTBACT 


The  well  known  interference  method  devised  by  Fabry  and 

Buisson^  has  "been  employed  in  determining  two  relative  dispersion 

curves  of  different  forms,  for  dry,  carbon  dioxide- free  air  in  the 

wavelength  range  2536  A  to  6266  A.  The  method  uses  an  interferometer 

interposed  between  an  achromatic  lens  and  a  condensing  lens  near  which 

is  positioned  a  light  source  in  a  manner  such  that  resulting  Baidinger 

fringes  are  focussed  on  the  slit  of  a  spectrograph.  Light  sources 

198 

utilized  were  an  electrodeless  Hg.  lamp  which  emitted  radiations  free 

80 

from  isotope  shifts  and  hyperfine  structure,  and  a  neon  secondary 
standard  lamp.  The  relative  curves  were  adjusted  to  norm!  conditions 
(15  °0  and  860  mm.  of  mercury  pressure)  by  obtaining  a  5  best  fit*  with 
values  of  refractive  index  in  the  visible  region  calculated  from  averaged 
data  of  Barrell  and  Sears,  and  of  Perard  (see  Appendix  D).  The  resulting 
curves  were  finally  corrected  to  standard  air  which  contains  0.03$ 
carbon  dioxide. 

Incidental  to  the  main  problem  under  investigation  was  a  study 

of  the  effect  of  air  pressure  on  a  Fabry  Perot  etalon.  It  has  been 

(2) 

pointed  out  '  that  pressure  corrections  hitherto  based  on  the  compression 
of  the  etalon  spacer  material  alone  might  need  some  revision. 
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I  IKTBODUCTION 


Original  inquiries  into  the  refract ivity  of  air  stemmed  from 
a  need  to  correct  astronomical  observations  for  the  refraction  of 
the  earth’ s  atmosphere.  More  recently,  spectroscopists  have  been 
concerned  with  the  determination  of  atomic  and  molecular  energy- 
levels  from  wavelength  measurements  usually  performed  more  conveniently 
in  air  rather  than  vacuum.  Since  the  energy  relations  must  be  expressed 
in  vacuum  wave  numbers,  wavelengths  as  determined  in  air  are  multiplied 
by  appropriate  indices  of  refraction  in  order  to  convert  them  to  vacuum 
values.  At  present,  measurements  of  wavelength  are  being  made  to  8 

significant  figures,  corresponding  to  an  accuracy  approaching  1  part 

8 

in  X0U  at  10,000  A.  It  is  necessary,  therefore,  to  know  refractive 
index  to  the  same  precision. 

One  of  the  first  major  investigations  of  the  dispersion  of  air 
was  undertaken  in  1918  at  the  national  Bureau  of  Standards  by  Meggers 
and  Peters^  who  expressed  their  results  in  terms  of  the  refractivity 
of  dry  air  containing  an  unspecified  amount  of  carbon  dioxide  at 
0°C,  15°C  and  3®°0,  and  760  mm.  of  mercury  pressure.  Their  observations 
in  the  spectral  range  2218  A  to  8999  A  were  satisfactorily  represented 
(except  for  a  slight  deviation  in  the  red)  by  the  empirical  Cauchy 
formula 


where  n  is  the  refractive  index,  X  is  the  wavelength  and  a,  b  and  c 
are  constants.  The  deviation  in  the  red  was  thought  to  be  due  to  an 
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absorption  band  in  the  infra  red,  but  after  all  efforts  to  locate  such 
a  band  had  failed,  Meggers  and  Peters  concluded  that  equation  (l) 
could  satisfactorily  be  employed  in  representing  the  optical  dispersion 
of  air.  Since  1918,  spectroscopists  have  almost  exclusively  used  tables 
based  on  the  results  of  Meggers  and  Peters  in  converting  air  wavelengths  to 
vacuum  wave  numbers.. 

During  the  period  193^1939,  Kosters  and  Lampe^,  Perard^,  and 
Barrell  and  Sears  ^  independently  published  dispersion  formulae  for  visible 
radiations  which  are  in  fair  mutual  agreement,  but  which  give  values  of 
refractive  index  appreciably  higher  than  do  the  results  of  Meggers  and 
Peters* 

(7) 

In  195° »  Meggers  and  Kessler measured  the  wavelengths  in  air  of 
198 

28  lines  emitted  by  a  ggHg.  source.  In  order  to  test  their  measurements 
by  means  of  the  combination  principle,  they  reduced  their  air  wavelengths 
to  vacuum  wave  numbers  with  the  aid  of  the  dispersion  equations  of  Meggers 
and  Peters,  and  of  Barrell  and  Sears*  Becxuring  wave  number  differences 
indicated  that  the  refract ivity  of  air  for  ultra-violet  relative  to 
visible  is  too  large  as  calculated  from  the  formula  of  Meggers  and  Peters 
and  too  small  when  calculated  from  the  formula  of  Barrell  and  Sears* 

It  should  be  remembered,  however,  that  Barrell  and  Sears®  formula  was 
based  on  obervations  in  the  visible  spectrum  and  could  not  be  expected 
to  yield  precisely  the  refractive  indices  for  ultra-violet  lines  approaching 
the  absorption  band  of  air  for  short  wavelengths. 

To  meet  the  demand  of  precision  spectroscopists  who  require  a 
dispersion  formula  more  accurate  than  that  of  Meggers  and  Peters, 


V  ,  ■  •  '•  t 

,  .m  j . 

■ 


« 


«  .  "  •  ■  > 


■.I...’ 

*  '  *  "  '  "•  ' 


•  ■  r  •  ■  •-  ‘  tool  .1  oo«  ’ 


■lit  .  *:■  . 


•  v'  \o  f 


3. 


Edlen^  in  1953  combined  dispersion  relations  of  Koeh^^,  range 
4660  A  to  2378  A,  and  of  Traab^°\  range  546 0  A  to  1854  A,  with 
that  of  Barrell  and  Sears,  range  6438  to  4358,  by  choosing  propor¬ 
tionality  factors  such  that  a  ’best  fit*  of  the  two  first-mentioned 
equations  was  obtained  with  the  curve  of  Barrell  and  Sears.  In  this 
way  he  obtained  46  values  of  refractive  index  for  38  wavelengths 
ranging  from  6438  A  to  1854  A.  The  ordinary  Cauchy  relation  was 
incapable  of  representing  the  data  without  systematic  variations, 
and  the  following  relation  was  found  to  be  suitable: 


n 


1  =  a 


(2) 


where  n  is  the  refractive  index,  6  is  the  wave  number  and  a,  b,  c, 
d  and  e  are  constants.  Edlen  estimates  that  his  relation  gives  correct 
relative  values  of  refractive  index  down  to  about  2000  A  with  an  accuracy 
of  +1  x  10“8  ,  and  that  the  errors  in  absolute  values,  depending  directly 
on  Barrell  and  Sears’  data,  should  not  be  much  greater. 


During  the  present  investigation,  relative  values  of  refractive 
index  were  determined  for  18  wavelengths  in  the  visible  and  ultra-violet 
spectral  regions.  A  least  squares  procedure  was  then  used  in  fitting 
the  data  first,  to  an  ordinary  Cauchy  type  relation  with  three  constants 
and  secondly,  to  an  equation  of  the  form: 


n  -  1  =  A  + 


B 


0  ~ 


(3) 


All  measurements  were  made  in  dry,  carbon  dioxide-free  air  at  about  21  C 
and  760  mm.  of  mercury  pressure. 
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II  THEORY 


1.  Theory  of  Refractive  Index 

The  fundamental  equation  of  classical  dispersion  theory  is 


where  n  is  the  complex  index  of  refraction; 

H,  the  number  of  molecules  per  unit  volume  in  the  dielectric 
medium  each  of  which  has  f^  oscillators  where 
1=  lj  2g  3  •  •  •  *P» 
is  the  oscillator  strength; 
m,e,  the  electronic  mass  and  charge,  respectively; 


CD* 


ol 


-  -s.  ■  *5  > 


o)0i,  the  natural  frequency  of  the  oscillator;  and 
K,  the  absorption  constant* 


2  x 

In  regions  of  small  absorption,  ojJj  -  oo  »  ;  also, 

the  imaginary  part  of  the  complex  index  may  be  neglected*  Ffcr  a 
wavelength  region,  then,  removed  from  the  absorption  bands  of  air  in  the 
extreme  ultra  violet,  we  may  write 


-  i  sfe  2(n-X) 


(5) 


since  o>*^  ^  qoq1,  H  being  much  smaller  in  the  case  of  air  than  for 
solids  or  liquids. 


Equation  (5)  indicates  that  refractivity  is  proportional  to  density, 
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The  right  hand  side  may  he  expanded  in  the  Cauchy  form 

n  -  1  =  a  +  hX-2  +  0r4  +  aX-6  +  .  .  .  .  (6) 

three  terms  of  which  are  in  general  found  to  he  satisfactory  in 
representing  the  dispersion  of  air. 

It  would  he  expected  that  air,  being  a  mixture,  is  not  as 
suitable  for  the  determination  of  precise  physical  laws  as  is  a  pure 
gas.  Barrell  and  Sears  have  shown,  however,  that  the  refractivity  of 
different  samples  of  dry,  carbon  dioxide-free  air  is  remarkably  constant. 

Considerable  disagreement  exists  among  various  observers  as  to  the 
exact  dependence  of  the  dispersion  of  air  on  temperature  and  pressure. 
Since  refractive  index  is  linked  vrith  the  absorption  of  a  substance, 
which  in  turn  depends  on  temperature  and  pressure,  it  seems  reasonable 
to  assume  that  a  slight  variation  in  dispersion  with  temperature  and 
pressure  does  exist.  In  view  of  this  uncertainty,  present  measurements 
have  been  performed  under  conditions  at  which  most  interferometric  work 
is  done. 

2.  The  Fabry  Perot  Interferometer. 

The  theory  of  the  Fabry  Perot  interferometer  has  been  discussed  in 
detail  by  Meissner and  Tolansky^12).  Essentially,  it  consists  of 
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two  plane-parallel,  partially-reflecting  films  separated  a  distance 
t  (Fig.  l).  The  path  difference  of  two  adjacent,  coherent  "beams  such 


Fig.  1.  Multiple  Beam  Transmitting  Interferometer 

as  a  and  b,  emerging  from  the  interferometer  is  2t  cos©.  If  the  number 
of  wavelengths,  lying  within  this  difference  in  path  is  P,  then 

PX  »  2  t  cos©.  (7) 

Constructive  interference  occurs  at  those  values  of  Q  for  which  P  is  an 
integer.  The  fringes,  consisting  of  alternate  bright  and  dark  rings 
formed  at  infinity,  are  brought  to  a  focus  by  a  suitable  lens. 


The  maxima,  are  numbered  0,1,  2,  3 . .  n,  starting  from 

the  centre,  and  defined  by 

paX  =  2t  (l-  )  (8) 


where  is  the  integral  order  number, 

Dn  ,  the  diameter  of  the  n^*1  maximum, 
and  f,  the  focal  length  of  the  lens. 
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Putting  i  =  n  +  1  and  remembering  that  Pn  “  =  1,  we 

obtain  from  (8) 

D?  -  =  AD2  .  (9) 

=  a  constant  for  a  particular  X,  f,  and  t. 


At  the  centre  of  the  pattern,  since,  in  general,  the  order  number 
P  is  not  an  integar, 


(P0  +  e)  =  2t, 

or  (pn  +  n  +  e)  =  2t. 


(10) 


Inspection  of  equations  (8)  and  (10)  reveals  that  the  partial  order  of 
interference. 


(11) 


In  determining  e,  it  is  desirable  to  average  measurements  on  a 
number  of  diameters.  A  convenient  method  of  doing  this  is  provided  by 
the  method  of  least  squares  (Appendix  0).  The  normal  equations  ares 


where  all  summations  are  from  n  =  0  to  n  =  j  -  1,  j  being  the 

number  of  fringes  measured.  In  the  case  where  j  =  5» 


* 


'  *  «  ■  '»*  ‘  i'-  ’  ■  ■  .  t  •  - 


t  -  s  0< 


•  V3  -}*  II  + 


. 


e  •  ■  '  '  ’ 


.  •  - 


:■  , 


•  C 


-  '•  r 


► 


8. 


(14) 


Individual  values  of  ©  may  "be  calculated  from 


where  AD2  =  ”  ^  1/2  nD^  -  D2  ^ 


(15) 

(16) 


The  standard  deviation  in  e  is 


The  determination  of  exact  ©talon  thickness,  2t,  is  "based  on  the 
of 

first/ equations  (10),  namely, 

(Pft  +  e)X=  2t. 

If  at  least  two  exactly  known  wavelengths  (e.g.  neon  standards)  are 
available  and  an  approximate  value  of  etalon  thickness  (2t  )  is  known 
from  measurements  performed  with  a  good  screw  micrometer,  approximate  order 
numbers  (pQs  +  e^)  may  be  obtained  for  each  of  the  two  standards  from 

the  ratios  2t x/X.  The  order  numbers  are  made  precise  in  each  case  by 
using  fractional  parts  determined  from  equation  (l4)  and  varying  the 
integral  portions  by  units  until  agreement  of  2  or  3  parts  in  10® 
is  obtained  in  the  products  of  exact  wavelengths  and  corresponding  order 
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number.  A  third  standard  wavelength  is  then  used  to  check  the  value 
obtained  for  2t.  Since  neon  standards  are  defined  at  15°C  and  760  mm. 
of  mercury  pressure,  appropriate  indices  of  refraction  must  first  be 
used  to  convert  them  to  exposure  conditions. 


3*  Determination  of  Refractive  Index  of  Air. 


The  determination  of  refractive  index  requires  that  interfere  grams 
of  each  employed  radiation  be  obtained  with  the  Fabry  Perot  interferometer 
in  air  and  in  vacuum.  Two  equations  of  the  type  (10)  are  then 
applicable® 


(p  4-  @)X  s  2t 
(p«  +  e*  )X*  =  2t 


(18) 


where  the  unprimed  values  refer  to  vacuum  and  the  primed  values  refer 
to  air. 


Using  (18)  in  conjunction  with  the  definition  of  refractive 
index  gives 


X  pt  +  @« 

n  =  t-  -  s=  - — - 

X*  p  +  e 


(19) 


and 


x  +  e*  -  e 


n  -  1 


p  +  © 


(20) 
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where  x  has  "been  substituted  for  p*  -  p.  Since  the  order  number 
is  not  required  to  high  precision,  we  may  use  the  first  of  equations 
(18)  to  obtain 


n 


x(x  +  e*  -  e) 

2t 


(21) 


Thus,  to  calculate  refract ivities  we  need  to  know: 

(a)  the  fractional  parts  for  the  wavelengths  for  which  the 
refractive  indices  are  desired; 

(b)  the  values  of  the  wavelengths  to  six  significant  figures; 
(e)  the  thickness,  2t,  to  six  figures. 


The  integral  order  number  difference,  x,  is  determined  in  each  case 
from  an  approximate  value  of  n-1  in  (21)  obtained  by  means  of 
equation  (38) ,  Appendix  D,  using  an  appropriate  standard  refractivity. 
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4.  Phase  Change  on  Reflection. 

Upon  reflection  at  metallic  surfaces  light  penetrates  the 
films  a  short  distance  giving  rise  to  the  phenomenon  known  as 
*  phase  change  on  reflection* ♦  As  a  result,  the  thickness  of  the 
etalon  appears  to  change  slightly  with  wavelength,  the  magnitude 
of  the  change  being  different  for  air  and  vacuum  plates  since  corres¬ 
ponding  wavelengths  are  slightly  different. 


Let  8(2t)  he  the  apparent  change  in  etalon  thickness  in  vacuum, 
depending  on  the  wavelength,  X,  and  §(2t)  he  the  apparent  change  in 
air,  depending  on  X*.  Proceeding  as  in  section  J9  we  have 


(p  +  e)X  s  2t  +  &(2t) 
(p<  +  e«)X<  =  2t  +  (2t) 


(22) 


so  that 

n  =  P1  +  e'  I  1+  §(2t)  _  y  (2t)  ^ 

P  +  e  V  2t  2t  ) 

and 

n  ..  I  _  .  p_8 ■  +  e9  /  S(2t)  -  8*  (2t)\ 

2t  p+©  2t  j 

The  phase  change  correction  §  is  small,  usually  in  the  eighth  figure 
of  2t,  and  since  8  ,  the  difference  b  ~  &  is  even  smaller. 

Because  2t  is  required  only  to  6  figures,  the  effect  of  phase  change 


123) 


on  reflection  may  he  neglected. 
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III  APPARATUS  AND  EXPERIMENTAL  PROCEDURE, 


1 •  Optical  Apparatus. 

The  Fabry-Perot  etalon  (Plate  I)  used  in  the 
present  determination  of  the  dispersion  of  dry  carbon 
dioxide-free  air  was  of  the  variable  gap  type  with 
invar  ring  spacers  and  quartz  flats  originally  alumin¬ 
ized  each  on  one  side  to  a  reflectivity  of  80$.  The 
details  of  its  construction  are  dealt  with  elsewhere . 
Although  a  number  of  tiny  clear  specks  on  the  plates 
indicated  that  the  aluminized  surfaces  might  be  blistering 
with  age,  the  reflectivity  had  not  yet  gone  down  to  a 
point  where  the  quality  of  the  interfero grains  was  serious¬ 
ly  affected. 

Interferogr sms  were  taken  with  three  different  etalon 
spacings:  1.5  cm,  2.5  cm  and  2.8  cm.  Prior  to  the  assem¬ 
bly  of  an  etalon,  the  invar  spacer  was  ground  with  rouge 

until  the  we dge  angle  subtended  by  the  two  quartz  flats, 

-5 

under  no  external  applied  forces,  was  less  than  2  x  10 
radian.  This  was  ascertained  by  viewing  ring  fringes 
with  a  relaxed  eye  positioned  about  a  meter  away  from  the 
etalon,  on  the  opposite  side  of  which  was  placed  a  mer¬ 
cury  lamp,  and  noting  a  change  in  order  number  of  less 
than  two  across  the  plates  as  the  eye  was  moved  along 
the  direction  of  the  wedge.  To  insure  optical  contact, 
the  quartz  flats  were  wrung  into  the  invar  spacer.  Dark 
interference  fringes  could  then  be  observed  at  the  points 
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of  contact. 

Care  was  taken  during  the  final  assembly  of  an 
etalon  within  its  holder  to  align  the  projections  on 
the  spacer  with  the  brass  pins  used  in  rendering  the  plates 
parallel.  In  this  way,  bending  stresses  in  quartz  flats 
were  avoided. 

Pinal  adjustment  of  the  plates  for  parallelism  was 
done  within  the  etalon  chamber  (see  Fig.  2)  at  the  tem¬ 
perature  of  the  thermostatically  controlled  bath.  It 
was  discovered  that  an  etalon  rendered  parallel  at  a 
temperature  only  three  or  four  degrees  different  from 
operating  temperature  became  disaligned  at  operating 
temperature.  In  setting  the  plates  parallel,  a  low 
pressure  mercury  lamp  was  positioned  in  front  of  the 
quartz  window  at  one  end  of  the  etalon  chamber.  At  the 
other  end  of  the  chamber,  from  which  the  end  plate  had 
been  removed,  fringes  of  equal  inclination  were  observed 

with  a  telescope  with  small  aperture  focussed  for  infin- 

(12) 

ity  .  The  telescope  was  moved  vertically  and  horizon¬ 
tally  across  the  field  of  view  and  any  change  in  the 
character  of  the  central  portion  of  the  fringe  system 
was  observed.  The  test  was  especially  sensitive  if  the 
central  maximum  or  minimum  was  just  at  the  point  of 
appearing  or  disappearing.  Tolansky  estimates  that  in 
such  an  instance,  a  local  variation  in  distance  between 
the  plates  of  one-fortieth  of  the  employed  wavelength 
can  be  detected. 
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Figure  2,  General  Arrangement  of  Optical  Apparatus 
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Etalons  adjusted  in  the  manner  described  above 
were  found  to  be  remarkably  stable.  The  2.8  cm.  e talon, 
for  example,  remained  parallel  for  a  period  of  nearly 
a  month.  In  the  case  of  the  2.5  cm.  etalon,  whose 
spacer  consisted  of  1.0  cm.  and  1.5  cm.  invar  rings 
placed  together,  the  stability  was  somewhat  decreased. 

During  the  process  of  aligning  the  plates,  it  was 
discovered  that  one  or  both  of  them  were  slightly  bowed. 
Since,  in  practice,  only  a  small  central  portion  of  the 
plates  is  utilized,  the  observed  defect  was  not  consider¬ 
ed  to  be  serious.  Also, weak  secondary  maxima  and  minima 
superimposed  on  the  central  maxima  of  the  main  Fabry- 
Perot  pattern  were  detected.  These  belonged  to  a  second¬ 
ary  fringe  system  formed  between  the  aluminized  and 
uncoated  surfaces  of  the  quartz  flats  which  were  cut  at 
a  slight  wedge  angle  so  as  to  displace  the  secondary 
fringe  system  to  the  side.  Because  the  secondary  maxima 
were  relatively  weak  and  positioned,  at  the  centre  of  the 
main  ring  system,  in  a  direction  roughly  parallel  to  the 
spectrograph  slit,  it  was  thought  that  they  would  in  no 
way  interfere  with  the  quality  of  the  final  interferogr ams. 

The  particular  method  of  positioning  the  etalon 

relative  to  the  rest  of,  the  optical  apparatus  shown  in 

figure  2  is  known  as  the  convergent  beam  method  of 

(12) 

mounting  .  Light  from  either  the  neon  secondary  stan¬ 
dard  source,  or  the  mercury  -  198  source  was  focussed  at 
a  point  approximately  one-half-way  between  the  interfere- 
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meter  plates  by  means  of  the  quartz  lens,  Q^.  The  light 

entered  and  left  the  etalon  chamber,  whose  construction 

(13) 

is  adequately  described  by  Smith  ,  through  the  quartz 
windows  Wp  and  Wg.  The  interference  fringes  at  infinity 
were  then  focussed  on  to  the  slit,  S,  of  a  Hilger  E-l 
Littrow  type  spectrograph  with  quartz  optics  (Appendix 
B)  by  the  quartz-fluorite  achromat  Q,g  of  focal  length 
approximately  23  cm* 

In  centering  the  interference  pattern  on  the  slit 
of  the  spectrograph,  an  extended  white  light  source  was 
placed  inside  the  spectrograph.  An  image  of  the  slit  was 
then  reflected  back  by  the  etalon  and  appeared  alongside 
the  slit.  Gontrols  were  provided  for  vertical  and  lateral 
motion  of  the  insulated  copper  tank  containing  the  v^ater 
bath  and  etalon  chamber.  These  were  manipulated  until 
the  reflected  slit  image  coincided  with  the  slit,  there¬ 
by,  rendering  the  aluminized  surfaces  of  the  interfero¬ 
meter  plates  perpendicular  to  the  optic  axis  of  the 
apparatus • 

2 •  Light  Sources  and  Excitation. 

The  neon  secondary  standard  light  source  was  a 
capillary  type  Geissler  tube  activated  by  a  direct 
current  at  high  voltage  supplied  by  the  secondary  of  a 
transformer,  the  primary  of  which  was  connected  to  a 
variac.  Pull  wave  rectification  was  accomplished  by  a 
brdige  type  copper-oxide  rectifier.  A  milli ammeter  in 
the  lamp  circuit  insured  that  the  lamp  was  at  all  times 
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operated  at  one  intensity. 

The  mercury-lS8  lamp  obtained  from  Baird  Associates, 

Cambridge,  Massachusetts,  was  constructed  of  vycor  glass 

and  contained  a  few  milligrams  of  art ici ally  prepared 
198  ]_99 

30Hg  and  a  trace  of  QQHg.  It  was  operated  by  a  600 
megacycle  per  second  war  surplus  radar  transmitter  which 
had  two  triode  push-pull,  tuned  plate-tuned  cathode 
oscillators  working  in  parallel^  * 

3.  Vacuum- Air  System. 

Exposures  were  taken  in  vacuum  and  also  in  air  at 
a  pressure  of  approximately  760mm.  of  mercury.  The 
particular  arrangement  of  tubing  and  stopcocks  illustrated 
in  Pig. 3  enabled  the  following  operations  to  be  performed; 

(a)  Isolation  of  the  mercury  manometer,  B,  from 
the  rest  of  the  system  during  vacuum  exposure, 
at  which  time  the  residual  chamber  pressure 
was  measured  with  a  McLeod  gauge,  M; 

(b)  Maintenance  of  a  vacuum,  during  air  exposures, 

on  the  vacuum  side  of  the  manometer,  the  quantity 
of  the  vacuum  being  again  measured  with  the 
McLeod  gauge. 

The  McLeod  gauge  used  had  been  calibrated  by 

Olafson.^15! 

All  vacuum  tubing  was  constructed  of  glass.  Continu¬ 
ous  evacuation  of  either  the  e talon  chamber  or  mercury 
manometer  during  exposures  was  accomplished  by  means  of 
a  mercury  diffusion  pump  and  also  a  mechanical  vacuum 
pump  placed  on  vibration  mounts  about  five  meters  away 
from  the  main  body  of  the  apparatus  so  as  to  reduce  the 
vibration  level  in  the  vicinity  of  the  apparatus.  Air 
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Figure  3*  Schematic  Diagram  of  Apparatus  Used  in  Measuring  Etalon  Chamber  Pressures 
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Introduced  into  the  etalon  chamber  was  rendered  free 
of  water  vapour  and  carbon  dioxide  by  passing  it 
through  traps  F  and  A,  containing  phosphorous  pentoxide 
and  anhydrous  sodium  hydroxide.  The  dry-ice- alcohol 
mixture  in  cold  trap,  T,  served  to  prevent  oil  vapours 
from  the  mechanical  vacuum  pump,  and  mercury  vapour 
from  the  diffusion  pump,  from  diffusing  back  into  the 
etalon  chamber.  Without  the  cold  trap,  resonance 
radiation  occurred  within  the  chamber,  and  it  was 
impossible  to  obtain  an  interf erogram  of  the  mercury 
line  2536  A.V.  even  after  an  exposure  time  of  several 
hours • 

Chamber  pressures  during  air  exposures  were  meas¬ 
ured  by  means  of  the  barometer  illustrated  in  Fig.  3. 

Details  of  its  construction  are  fully  discussed  by 

(13) 

Smith  •  It  has  been  mentioned  earlier  that  It  is 
necessary  at  the  present  stage  in  precision  determina¬ 
tion  of  wavelengths  to  know  the  refractive  index  of 
air  to  9  significant  figures  at  10,000  A,  or  the  re- 
fractivity  to  1  part  in  30,000,  since  the  value  of 
refractive  index  is  approximately  1.0003.  Pressure, 

therefore,  owing  to  the  form  of  equation! 38;  Appendix  D), 
must  be  known  to  0.025  mm.  in  760  mm.  In  practice,  the 
c athetometer ,  C,  mounted  on  the  vertical  supporting 
rod  R,  afforded  a  somewhat  higher  theoretical  precision 
in  the  reading  of  pressures.  The  eyepiece  of  the  low- 
power  microscope  contained  a  glass  scale  whose  image 
was  projected  on  to  the  steel  scale,  S,  graduated  in 
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millimeters,  or,  upon  rotation  of  the  c athe tome ter ,  on 
to  the  mercury  column.  Magnification  was  such  that 
approximately  33  of  the  scale  divisions  in  the  eyepiece 
coincided  with  a  single  division  on  the  steel  rule. 
Estimates  of  the  heights  of  the  mercury  columns  were 
made  to  tenths  of  an  eyepiece  scale  division,  so  that 
readings  were  made  to  0.0033  millimeter  of  mercury. 
Actually  the  accuracy  was  considerably  reduced  due  to 
non-uniformities  of  the  rod  about  which  the  cathetometer 
was  rotated.  Discrepancies ,  too,  of  0.01  millimeter 
was  observed  in  steel  scale  millimeter  divisions  select¬ 
ed  at  random. 

It  is  to  be  noted  that  in  the  present  determination 
of  relative  dispersion,  a  knowledge  of  absolute  pressure 
is  unnecessary. 

In  general,  the  air  pressure  with  the  etalon  chamber 
continuously  increased  during  a  sequence  of  exposures  on 
one  plate.  This  increase,  which  was  caused  by  a  drop  in 

t, 

the  level  of  the  dry  ice- alcohol  mixture  within  the  cold 
trap  as  the  dry  ice  slowly  evaporated,  usually  amounted 
to  less  than  .5  mm.  of  mercury  during  a  period  of  3  hours. 

The  vacuum  side  of  the  mercury  manometer  was  at  all 
times  maintained  at  a  residual  pressure  of  less  than 

_  c 

2  x  10  mm.  No  correction  to  the  pressure  as  observed 
on  the  manometer  was,  therefore,  necessary.  Neither 
were  residual  pressure  corrections  required  in  the  case 
of  vacuum  exposures. 
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4 .  Constant  Temperature  Bath. 

Constant  temperature  of  the  water  bath  which  envel¬ 
oped  the  e talon  chamber  was  achieved  by  means  of  a  con¬ 
tinuous  flow  of  water  through  a  copper  coil  immersed  in 
the  bath,  and  a  thermostatically  controlled  heater* 

Water  flow  and  heater  current  were  kept  adjusted  so  that 
heating  time  very  nearly  equalled  cooling  time,  the  dura¬ 
tion  of  a  complete  cycle  being  4  minutes,  which,  incident 
ly,  was  the  time  of  the  shortest  exposures  on  the  plates* 
The  water  was  stirred  with  a  small  propeller  driven  by 
an  electric  motor  mounted  on  rubber  shock-absorbers  so 
as  to  minimize  vibration.  Variation  in  temperature  of 
different  portions  of  the  bath,  as  indicated  by  a  Beck¬ 
mann  thermometer  (see  Appendix  A),  was  found  to  be  less 
than  0.01  C.  Temperature  range  during  a  cycle  was  slight 
ly  less  than  0.02  C. 

It  is  possible  that  some  effect  due  to  the  varia¬ 
tion  in  temperature  during  a  cycle  might  exist.  At 
6000  A  the  plate  thickness,  2  t,  must  be  known  to  an 

o 

accuracy  of  1.7  parts  in  10' •  The  linear  coefficient  of 

expansion  of  1  invar1  being  0.9  x  10”  /  C,  a  change  in 

temperature  of  0.02  C  corresponds  to  a  change  in  2  t 

(for  a  1.5  cm.  e talon)  of  0.9  part  in  10®.  This  figure 

lies  well  within  the  required  precision.  However,  it 

(2) 

has  been  pointed  out  that  the  overall  temperature 
coefficient  of  the  etalon  may  be  considerably  greater 
than  that  of  the  spacer.  Since  the  steel  etalon  holder 
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has  a  linear  temperature  coefficient  approximately  12 
times  that  of  ’invar1,  the  relative  increase  in  the 
length  of  the  holder  with  temperature  is  greater  than 
that  of  the  spacer.  This  results  in  a  decrease  in  the 
tension  on  the  springs  holding  the  quartz  flats  against 
the  spacer  so  that  plate  separation  may  increase. 

5 •  The  Densitometer. 

A  recording  densitometer  shown  in  Plate  III  and 

/  -j  >z  *1  c  \ 

adequately  described  elsewhere'  ’  ,  used  in  analyz¬ 

ing  the  Fabry-Perot  interferograms ,  was  slightly  modi¬ 
fied  in  that  the  gear  coupling  between  the  screw  of  the 
densitometer  and  the  Esterline  Angus  recorder  was  re¬ 
placed  by  a  direct  drive  linking  the  screw  with  the 
chart  drive  of  the  recorder.  Distances  on  the  photo¬ 
graphic  plate  were  directly  translated  on  to  the  densi¬ 
tometer  chart.  In  this  way  errors  due  to  worn  or  dirty 
gears  were  avoided.  The  pitch  of  the  densitometer  screw 
was  1  mm.  while  the  diameter  of  the  chart  drive  drum  was 
approximately  36  mm.;  magnification  was,  therefore,  about 
114.  Controls  in  the  931-A  photomultiplier  detector  and 
cathode  follo¥s?er  circuit  shorn  in  Fig. 4  were  manipulated 
so  that  the  amplitude  of  the  maxima  on  the  charts  was 
about  6  cm.  Sharp  peaks  were  in  this  manner  avoided, 
and  since  the  paper  speed  was  slo w  (about  7.6  cm/minute), 
the  lag  in  the  milliameter  needle  was  not  considered 
likely  to  result  in  an  appreciable  source  of  error. 
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E,  470,000  ohms 

R*  10,000  ohms 

R*  10  megohms 

Unmarked  resistors  100,000  ohms  each 

AIL  condensers  0.01  mfd. 


Figure  4®  Photomultiplier  Circuit 
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Repeated  tracings  of  a  number  of  interferograms 
indicated  the  existence  of  random  errors  of  about  0*002 
millimeter  in  1  millimeter.  These  may  have  been  caused 
by  non-uniformities  in  the  densitometer  screw,  or  by  the 
bearings  on  which  the  screw  was  mounted.  Although  the 
pitch  of  a  top  quality  screw  should  not  vary  by  more  than 
0.001  millimeter  in  1  millimeter^  ,  the  observed  errors 
were  not  much  greater  than  those  introduced  during  the 
process  of  wpickingw  the  maxima  and  measuring  the  pattern 
diameters;  therefore,  no  correction  was  made  for  them. 

It  should  be  pointed  out  that  had  tracings  been  made 
while  the  densitometer  had  not  yet  attained  temperature 
equilibrium,  or  if  care  had  not  been  exercised  in  align¬ 
ing  the  interferograms  properly  with  respect  to  the  opti¬ 
cal  apparatus,  the  errors  introduced  would  have  been  con¬ 
siderably  greater.  It  was  important,  too,  to  have  the 
optical  system  in  good  focus. 

Ten  innermost  maxima  on  each  interf erogr am  were 
’picked’  by  bisecting  the  outlines  of  the  fringes. 
Measurements  of  the  fringe  diameters  were  then  made  to 
0.01  inch  with  a  good  quality  engineers’  scale.  During 
the  ’picking’  process  it  became  apparent  that  the  inten¬ 
sity  distribution  in  many  of  the  fringes,  remote  from  the 
central  maxima,  was  not  symmetrical.  A  marked  asymmetry 
occurred  in  an  occasional  fringe.  It  was  thought  that 
these  irregularities  may  have  been  caused  by  minute  de¬ 
partures  from  optical  flatness  of  the  interferometer 
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PLATE  IV.  SOME  IRTERFEROGRAMS  FROM  A  TYPICAL  PLATE 
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plates*  In  general,  although  the  intensity  distribution 
for  an  interferogram  was  very  satisfactory  in  that  the 
intensity  decreased  very  gradually  in  the  direction  of  the 
outermost  fringes,  the  distribution  within  an  individual 
fringe  for  many  of  the  ultra-violet  lines  was  only  of  fair. 
Tracings  of  these  interf erograms  were  somewhat  jagged. 
Since  precautions  had  been  taken  to  avoid  scratching  the 
emulsion  during  the  developing  process,  it  is  difficult 
to  know  what  to  attribute  the  observed  effect  to,  except 
that  perhaps  the  departures  from  optical  flatness  of  the 
quartz  plates  were  more  pronounced  for  the  shorter  wave¬ 
lengths.  In  the  case  of  very  weak  lines  where  contrast 
was  poor,  it  was  necessary  to  Increase  the  cathode  follow¬ 
er  gain  considerably  in  order  to  obtain  a  measurable 
fringe  on  the  recording  paper.  This  resulted  in  some 
instability  of  the  recording  milliammeter . 

6 .  Procedure  in  Taking  Exposures. 
i  -  Vacuum  Exposures 

The  following  sequences  of  timed  exposures  was 
taken  on  each  of  nine  Eastman  III  -  f  plates,  three 
plates  being  taken  at  each  available  etalon  spacing: 

(a)  Initial  neon,  4  minutes; 

(b)  Mercury  -  2536  A  U  ,  4  minutes; 

(c)  Mercury  visible,  hour; 

(d)  Mercury  ultra-violet,  1-g-  hours; 

(e)  Pinal  neon,  4  minutes. 

A  separate  exposure  of  the  mercury  -  2536  line  ?/as  taken 
with  spectrograph  settings  (see  appendix  B)  such  that  the 
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line  was  focussed  at  the  longer-wavelength  end  of  the 
plate.  In  this  way,  better  horizontal  focus  was 
achieved.  Also,  the  2536  line  was  badly  over-exposed 
during  the  lj  hour  ultra-violet  exposure. 

At  least  two  hours  before  exposures  were  commenced, 
the  constant  temperature  bath  was  placed  in  operation, 
and  evacuation  of  the  system,  was  begun  so  that  tempera¬ 
ture  equilibrium  and  constant  residual  etalon  chamber 
pressure  would  be  attained.  The  quality  of  the  vacuum 
and  the  bath  temperature  were  determined  prior  to  and 
after  each  exposure. 

ii  -  Air  Exposures 

Following  the  vacuum  exposures  on  a  plate,  the  eta¬ 
lon  chamber  was  filled  with  dry,  carbon  dioxide-free  air, 
after  being  flushed  twice  with  such  air,  to  a  pressure  of 
about  760  millimeters  of  mercury.  At  least  one  hour  was 
allowed  for  the  re-establishment  of  thermal  equilibrium. 
The  sequence  of  exposures  given  in  (i)  was  then  repeated. 
Bath  temperature  was  determined  before  and  after  each 
exposure.  Readings  on  the  Beckmann  thermometer  were  taken 
at  15  second  Intervals  during  a  4  minute  cycle,  and  aver¬ 
aged.  Pressures  for  the  4  minute  exposures  were  deter¬ 
mined  once,  while  for  the  longer  exposures,  manometer 
readings  were  taken  every  15  minutes,  and  averaged. 
Observed  pressures  were  corrected  for  expansion  of  the 
steel  scale;  also,  corrections  were  made  for  the  tempera¬ 
ture  of  the  mercury  and  the  gravitational  acceleration. 

A  total  of  nine  air  plates  were  taken,  three  with  each 
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available  etalon  spacer. 

The  particular  method  of  following  up  the  vacuum 
exposure  by  the  air  exposures,  described  above,  was 
adopted  in  order  to  study  the  effect  of  pressure  on  the 
etalon.  The  total  exposure  time  for  a  ’vacuum*  and  an 
’air’  plate  was  about  8  hours,  so  that  the  ’drift’  of 
the  etalon  springs  was  kept  at  a  minimum  value.  Since 
the  temperature  of  the  etalon  during  this  period  was  not 
altered  significantly,  it  was  thought  that  any  differ¬ 
ence  that  might  be  exhibited  between  values  of  plate 
thickness,  2  t,  as  determinedfrom  vacuum  and  air  expos¬ 
ures,  should  be  attributed  to  air  pressure. 

All  plates  were  developed  for  9  minutes  in  D-19 
developer,  fixed  for  10  minutes  in  an  acidfixer,  and 
then  washed  in  water  for  J  hour.  While  under  water,  the 
emulsion  on  a  plate  was  rid  of  scum  by  brushing  it  light¬ 
ly  with  a  soft  camel’s  hair  brush.  After  washing,  the 
plate  was  dipped  for  a  few  seconds  in  a  wetting  agent 
(Kodak  Photo-Plo  solution)  and  then  dried  in  a  cool  stream 
of  dust-free  air  within  a  specially  built  plate  drier. 

Care  was  taken  to  insure  that  the  developer,  fixer,  wash- 
water  and  wetting  solution,  were  all  at  the  same  tempera¬ 
ture.  In  spite  of  all  the  care  taken  in  developing  the 
plates.  It  was  found  that  the  emulsion  on  the  Eastman  III  P 
plates  had  a  tendency  to  peel. 
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II  SXPERIICTTAL  data  add  discussion 

1.  Effect  of  Air  Pressure  on  the  Etalon 

The  variation  in  etalon  thickness  with  air  pressure  does  not 
concern  the  present  investigation  of  the  dispersion  of  air;  nevertheless, 
it  is  of  considerable  importance  whenever  absolute  determinations  of 
refractive  index  are  made.  Newbound^  has  noted  that  the  pressure 
coefficient  of  an  etalon  computed  on  the  basis  of  compression  of  the 
spacer  alone  may  be  in  error  due  to  pressure  effects  on  the  etalon  holder, 
springs,  etc* 

Results  obtained  at  the  present  time  are  given  in  table  I.  In  the 
second  column  are  listed  the  fractional  changes  in  lengths  of  the  etalon 
spacers  as  computed  from  the  relation 

^  =  -j-  * 

where  T  is  the  volume  compressibility  of  the  spacer  material  and  p 
is  the  air  pressure.  Actual  values  of  6(2t)/2t  as  determined  from 

TABLE  I.  Fractional  Changes  in  Lengths  of  Spacers 


due  to  Air  Pressure. 


Etalon  Thickness 
(2t) 

^°^serve&) 

3.0  cm. 

0.28  x  10-6 

0.33  x  10-6 

5*0  cm. 

-6 

0.28  x  10 

0.20  x  10“6 

5.6  cm. 

«.28  x  10-6 

0.04  x  IQ-6 
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measurements  on  eight  sets  of  air  and  vacuum  plates  are  given  in  the 
third  column. 

The  etalon  utilized  consisted  of  an  8.5  cm.  long  steel  holder 
containing  the  quartz  flats,  an  invar  spacer  and  a  “brass  *  filler® 
ring.  An  examination  of  the  linear  compressibilities  of  the  materials 
indicates  that  the  relative  decrease  with  pres  stir  e  in  the  length  of 


TABLE  II.  Elastic  Constants  of  Materials 


Material 

Linear  Compressibility 
T/3  z  1012  cm. 2/ dyne 

Crystal  quart a 

1.23 

Brass 

0.37 

Invar 

0.28 

Steel 

0.18 

the  internal  components  of  the  ©talon  should  be  greater  than  that  of 
the  holder.  This  should  have  the  effect  of  releasing  the  tension  on  the 
springs  and  increasing  plate  separation.  The  expected  result  seems  to 
have  ocurred  in  the  case  of  the  2.8  cm.  etalon  (see  Table  I);  for  the 
remaining  two  spacing©,  however,  the  decrease  in  plate  separation  is  fairly 
well  predicted  from  considerations  of  compression  of  the  spacers  alone. 

In  view  of  the  present  findings  it  seems  likely  that  the  amount  of 
tension  on  the  etalon  springs  may  be  the  controlling  factor  in  change  of 
plate  separation  with  air  pressure.  Pressure  corrections,  therefore, 
based  on  constants  of  the  materials  alone,  may  not  be  always  reliable. 
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It  seems  possible  that  an  etalon  can  be  devised  for  which  the 
pressure  and  temperature  coefficients  may  be  determined  fairly 
accurately.  Such  an  etalon  is  shown  in  figure  5«  Unlike  common 
interferometers,  it  would  be  employed  with  its  optic  axis  positioned 
vertically.  Adjusting  springs  would  be  eliminated;  instead,  steel 
balls  within  polished  guide  tubes  could  be  used  in  rendering  the  plates 
parallel.  It  is  felt  that  such  an  etalon  could  be  maintained  in 
adjustment  for  an  indefinite  period  of  time  since  the  downward  forces 
exerted  by  the  steel  balls  would  never  vary  significantly.  With 
proper  alignment  the  friction  between  the  steel  balls  and  polished 
guide  tubes  could  be  practically  eliminated  so  that  changes  in  the 
dimensions  of  the  ©talon  holder  with  pressure  or  temperature  would  have 
no  effect  on  the  etalon  proper.  If  the  friction  forces  are  appreciable, 
parallelism  of  the  etalon  may  be  achieved  by  simply  placing  small  weights 
near  the  edge  and  on  top  of  the  upper  plate . 

2.  Pi suers ion  Curves  For  Air 

The  mean  values  of  refractivity  (see  table  DC,  Appendix  E) 
determined  from  measurement  on  18  wavelengths  in  the  spectral  range 
253^  A  to  6266  A,  were  fitted  to  a  Cauchy  type  relation  by  the  method 
of  least  squares.  The  resulting  relative  dispersion  equation  is 

(.-!>.  106  .  (s) 

(A  is  the  vacuum  wavelength  in  microns). 
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Figure  5*  Cress-section  of  a  Vertical  Type  Etalon 
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After  adjusting  to  obtain  a  ‘“best  fit*  with  averaged  data  of  Barrell 
and  Sears,  and  of  Perard,  in  the  visible  spectral  range,  and  correcting 
to  standard  air  containing  0.03$  carbon  dioxide,  equation  (25)  becomes 


In  -  1)  i  10°  =  272.773  + 


1.462  720  0.020  644 


+  0.044 


(26) 


where  the  error  indicated  is  the  standard  error  of  estimate.  A  comparison 
of  values  of  refractive  index  (see  table  III)  calculated  by  means  of 
(26)  with  averaged  values  of  Barrell  and  Sears,  and  of  Perard,  indicates 
a  discrepancy  of  about  3  parts  in  10^  at  7000  A  and  4  parts  in  10®  in  the 
opposite  direction  at  4000  A. 

An  equation  of  the  form 

<*‘1,'a*T^a5  1271 

was  also  fitted  to  the  observed  data.  0?he  constant,  0,  was  determined 
by  substituting  into  (2?)  the  following  three  observed  values  of 
refract ivity  and  corresponding  wavelengths; 


X 

(n-l)  x  10^ 

6268. 23 

276.460 

4047.71 

282.377 

2537. 21 

300.367 

Constants  A  and  B  were  then  obtained  from  a  least  squares  solution, 
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The  resulting  relative  curve  is  defined  by 


(n  -  1)  x  106  =  H4.440  + 


16400.77 

103.7661  -  1/\Z 


(28) 


which  "becomes,  upon  adjustment  to  standard  air 


(29) 


(X  is  the  vacuum  wavelength  in  microns). 


Values  of  refractive  index  determined  from  (29)  are  in  much  better 
agreement  with  averaged  data  of  Barr  ell  and  Sears,  and  of  Perard,  than 
are  those  calculated  by  means  of  equation  (26) . 

For  purposes  of  comparison,  results  of  Meggers  and  Peters,  and 

Edlen  are  also  listed  in  table  III.  It  has  been  mentioned  previously 

that  Edlen  determined  his  dispersion  equation  by  combining  data  obtained 

by  Barrell  and  Sears  from  measurements  made  in  the  visible  spectral 

region,  with  that  of  Koch,  and  Traub  who  worked  with  ultra  violet 

wavelengths.  Edlen  estimates  that  his  dispersion  equation  gives  relative 

8 

values  of  refractive  index  correct  to  1  part  in  10  ♦  Meggers  and  Peters* 

values  are  then  too  small  in  the  visible  down  to  about  2300  A,  and  too 
large  below  2p00  A.  On  the  other  hand,  values  determined  by  means  of 
equation  (29)  are  in  excellent  agreement  with  those  of  Edlen  down  to 
about  J000  A.  At  2750  A,  equations  (2 6)  and  (29)  give  indices  greater 


TABLE  III.  (n  -  I;  x  10°  for  Standard  Air. 
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"by  2  parts  in  10^  ,  while  at  2000  A  the  deviation  is  about  6  times  as 
large  and  in  the  opposite  direction. 

Formula  (29)  was  tested  by  applying  the  combination  principle 
198 

to  wavelengths  of  the  gQHg.  spectrum  determined  by  Meggers  and 
.  The  results  are  tabulated  below. 


TABLE  IT. 


Recurring  Intervals  in.  the  Spectrum  of 


Pair  of 

Wavelengths 

Interval  in  cm.  * 

using  equation  (29) 

using  Edlen1  s  equation  * 

4046  —  4358 

1767.2176 

1767. 2183 

2967  —  3131.5 

.2160 

.2173 

2752  —  2893 

.2192 

.2190 

4358  —  5460 

4630.67 66 

4630.6765 

3131.8-  3663.2 

.6774 

.6785 

3131.5-  3662.8 

.6771 

.6779 

3125  —  3654 

.6777 

.6777 

2893  —  33^1 

.6782 

.6791 

2655  —  3027 

.6812 

.6812 

3663.2-  5790 

10025.7676 

10025.7678 

3654  —  5769 

.7670 

.7677 

3027  —  4347 

.7678 

.7687 

*  Results  obtained  by  Bdlen^* 
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Inspection  of  the  table  reveals  that  the  use  of  either  equation 
(29)  or  Edlen1  s  equation  results  in  intervals  which  are  comparably 
constant.  It  should  be  noted  that  the  constancy  of  the  intervals 
depends  on  an  accurate  knowledge  of  exact  wavelengths. 

Observed  mean  values  of  refractivity  reduced  to  standard  conditions 
and  compared  with  corresponding  calculated  values  indicated  that  the 
observed  index  for  the  wavelength  2752  A  was  probably  too  large  as  compared 
to  the  rest  of  the  values.  The  interfere  gram  of  the  line  2752  A  was 
of  very  low  intensity  and  it  was  found  that  refractive  indices  determined 
from  measurements  on  very  weak  lines  were  characteristically  higher. 

For  that  reason,  indices  originally  determined  for  the  weak  lines 
5790  A  and  4704  A  were  not  used  in  the  present  calculations.  The 
possibility  must  be  considered,  however,  that  in  more  heavily  exposed 
lines  an  overall  shrinkage  of  the  interference  patterns  ocurred  due  to 
the  fact  that  the  blackened  parts  dried  out  more  rapidly  than  the 
neighboring  unexposed  emulsion  on  the  plates.  In  general,  it  was 
found,  too,  that  fringes  in  the  ultra  violet  were  less  sharp  than 
were  those  in  the  visible.  This  was  probably  due  to  a  decrease  in  the 
reflectivity  of  aluminum  at  short  wavelengths. 
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APPENDIX  A 


Calibration  of  the  Beckmann  Thermometer 

In  calibrating  the  Beckmann  thermometer  on  an  absolute  scale, 
bulb  (G)  of  the  apparatus  shown  in  figure  6  was  surrounded  by  a 
solid-carbon  -  dioxide  -  alchohol  mixture  and  water  was  distilled 
into  it  from  trap  (E)  by  evacuating  the  manometer  with  stopcocks  (B), 

(C)  and  (D)  open.  Stopcock  (B)  was  then  closed,  and  in  a  similar 
manner,  the  water  in  bulb  (G)  was  redistilled  into  bulb  (H).  The 
cold  trap,  (F),  served  to  prevent  any  moisture  from  reaching  the 
vacuum  pumps.  Stopcock  (  C)  was  now  closed  and  the  residual  pressure 
in  the  system  reduced  to  less  than  0.01  mm.  of  mercury.  Water  vapour 
present  was,  therefore,  frozen  out  in  bulbs  (H)  and  (F).  Stopcock  (D) 
was  finally  closed  and  while  a  high  quality  vacuum  was  maintained  in 
the  right-hand  column  of  the  U-tube,  (j),  bulb  (H)  was  inserted  into 
a  thermos  bottle  containing  water  and  the  Beckmann  thermometer.  As 
the  ice  in  bulb  (H)  melted,  the  water  vapour  depressed  the  left-hand 
mercury  column  in  the  U-tube.  After  temperature  equilibrium  had  been 
attained,  ten  measurements  of  the  difference  in  heights  of  the  two  mercury- 
columns,  (J),  were  made  by  means  of  a  travelling  microscope  fitted  with 
a  light  source  and  a  collimating  lens.  These  measurements  were  averaged 
and  corrected  for  difference  in  heights  of  the  columns  at  zero  pressure, 
and  for  the  temperature  of  the  mercury  and  the  acceleration  due  to  gravity. 
Measurements  were  repeated  at  five  different  temperatures  of  the  water 
bath. 

Vapour  pressures  were  converted  to  temperatures  with  the  aid  of  a 
table  in  the  Handbook  of  Chemistry  and  Physics^  ^ 


These,  together  with 
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Figure  6»  Manometer  Used  in  Calibrating  the  Beckmann  Thermometer 
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the  mean  readings  of  the  Beckmann  thermometer  were  used  in  deducing 
by  the  method  of  least  squares  the  relation 

T  =  17.054  +  1.015B  ±  0.006 

where  T  is  the  temperature  in  degrees  Centigrade  and  B  is  the  Beckmann 
reading.  The  standard  error  of  estimate  is  given. 


TABLE  V  Beckmann  Thermometer  Calibration  Data 


Beckmann  Reading 

B 

Corrected  Difference  in 
Height  in  mm.  of  Hg. 

Temperature  in 
Deg.  Centigrade 
T 

2.553 

17.152 

19.644 

2.815 

17.446 

19.918 

3.369 

18.054 

20.472 

3.826 

18.570 

20.930 

4.297 

19.140 

21.423 
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APPENDIX  B. 


Horizontal  Focus  of  the  Spectrograph 

In  crossing  the  Fabry  Perot  interferometer  with  a  spectrograph 
it  is  important  that  the  fringes  he  properly  focussed  on  the  spectrograph 
plate.  Since  the  vertical-slit  focus  is  slightly  concave  for  a  Hilger 
E-l  spectrograph,  whereas  the  horizontal-fringe  focus  is  convex,  it 
was  necessary  to  determine  the  best  average  focus.  This  was  accomplished 
by  examining  images  on  spectrograph  plates  of  fine  glass  threads 
stretched  across  the  slit.  It  was  found  impossible  to  obtain  satisfactory 
focus  for  lines  distributed  over  the  entire  length  of  a  10  inch  plate. 

For  this  reason,  the  spectrum  to  be  photographed  was  divided  into  three 
portions  and  focussed  in  a  manner  such  that  the  fringes  fell  on  the 
1  longer- wavelength  end5  of  the  plate  placed  in  an  average  focus.  The 
horizontal  focus  settings  determined  are  given  in  the  table  belonr. 

TABLE  VI.  Horizontal  Focus  Settings  of  Hilger  E-l  Spectrograph 


Wavelength  Range 

Prism  Rotation 

Focus 

Plate  Tilt 

7ooqa  -  3400A 

18.03 

15  -  15 

5o 

3400A  -  2600A 

14.83 

37-6 

13.3 

2600A  -  2400A 

12.0 

24-1? 

16.0 

. 

' 

■  . 

•  ■ 

■ 

. 


'  :  '  ■  ' 

. 

•  ■  » 

-  i  Ti i  r' ..  i  ,  ' ' '  '  "■  -  ''  ■  ’  • '  '  ‘  '  •'  •  • "  ' 

■  ■  ■  ■  ,  tf  u.;  '■  '  ‘  1 

. 

* 


-  ■  }  .....  .  .  -  . 


* 

-  V 

• 

- 

. 

:  0  ';>/  - 

* .  -ij 

.  :0  '  -  ■ 

APPENDIX  C. 
Method  of  Least  Squares. 


The  method  of  least  squares  enables  a  general  equation  of 
the  form 

Y  =  +  CgX  +  C^X  4*  . .  (3i) 

to  he  fitted  to  a  number  of  data  in  such  a  way  that  the  Siam  of  the 
squares  of  the  differences  between  the  final  curve  and  actual  values 
is  a  minimum.  If  the  given  data  is  designated  by  the  k  points 
(X^,  Y^),  then  the  least  squares  principle  requires  that  the  quantities 


^  Z.  (?i  -  T)2 
_ 


=  0 


(32) 


where  Y  is  the  computed  value.  Equations  (32)  are  known  as  the 
nnormalH  equations.  They  may  be  solved  for  the  constants  G^f 


etc. 


The  normal  equations  may  also  be  obtained,  by  multiplying  the  type 
equation  (31)  through  in  turn  by  the  coefficient  of  each  unknown  and 
summing  over  all  points.  The  resulting  equations  are 


=  Cjk  + 

°2ZXi 

+  o3  £x2 

ZxiYi 

=  °1  Xxl  + 

°zL4 

1 

+  c3  Zxi 

^ZXiYi 

=  0.1X2  + 

1  1  1 

°2 

The  standard  error  of  estimate  in  the  final  equation  is  given  by 


21  (h  ■ Y>: 


k 


. 

.  ** .r  ;  n  r  ,  hi  ;-"-v  I  ,  -  •.  v  •; 


. 


x  . 

* 


••  ; ’ ■  ’  ’ '■  •  v;cf  non LzJ'So  o->r *>  v;-/-  r-j,;.rx or;  ?rlJ. 

'  .  (X  ■  • 


•:  t  •  :  ‘  ■  ~  ?  ,  r 


"•  :  - 


' 

*  • 


' 


APPENDIX  D. 


Reduction  of  Relative  Dispersion  Equations  to  Standard  Conditions,  and 
of  Neon  Standards  to  Exposure  Conditions. 


The  relative  curves  derived  from  the  observed  data  were  adjusted 
to  normal  conditions  of  temperature  and  pressure  (l50°C  and  760  mm.  of 
mercury)  by  obtaining  a  *  best  fit’  with  averaged  values  of  refractive 
index  determined  from  the  formulae  of  Barrell  and  Sears,  and  of  Perard. 
These  formulae  are: 


(n  -  1)  X  106  =  272.585  +  1.5^37X-2  +  i.293X~4  (33) 

Perard 

(n  -  1)  x  10  6  =  272.860  +  1.401M*2  +  2. 998\“4  (34) 

(X  ss  vacuum  wavelength  in  microns) . 

Relations  (33)  and  (34)  are  applicable  to  standard  air  containing 
0.03$  carbon  dioxide.  They  were,  therefore,  reduced  first  to  normal 
air  by  means  of  the  equation 


(n  -  1) 

standard  air 


1  +  Q0O3 


nC0p  ~  \ir 
(n  -  ^)air 


(n  -  1) 


CO, 


free  air 


—  1.000162  (n  -  1) 

GO 2  -  free  air. 


The  following  data  were  then  obtained: 


X 

(n  -  l)  x  10^ 

4000 

282.718 

5000 

278.911 

6000 

276.934 

7000 

275-722 

(35) 
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Equation  (35)  was  finally  used  to  adjust  the  experimental  curves  to 
standard  air. 


In  calculating  the  etalon  spacing,  2t,  for  the  air  exposure,  it 
was  necessary  to  reduce  the  neon  secondary  standards  to  exposure 
conditions.  For  the  purpose,  the  relation 
n  -  1 


and  the  ideal  gas  law 


=  constant 


«  constant 


(3fc) 


(37) 


were  combined  to  give 

(nj_  -  1)  -  PlT 


1H2  (a  -  1) 
P2*l  2 


(38) 


where  n-^  and  are  the  refractive  indices  at  pressure,  temperatures 

Pis 

and  densities  P^,  $]_,  and  P2,  T  respectively.  The  neon 
secondary  standards  were  first  reduced  to  vacuum  wavelengths  with  the 
aid  of  appropriate  standard  indices  of  refraction.  Values  of  refractive 
index  calculated  from  equation  (38)  were  then  used  to  obtain  the  vacuum 
standards  at  etalon  conditions. 
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TABLE  VII.  Partial  Orders  of  Interference  for  Vacuum  Exposures* 
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*  Values  determined  by  A. A.  Schult^20) 
**  Except  Plate  4,  2t  =  5.000  172  cm. 
Standard  deviations  indicated  are 
in  the  last  two  figures  of  the 
fractions. 
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TABLE  VIII.  Partial  Orders  of  Interference  for  Air  Exposures 
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Standard  deviations  indicated  are  in 
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TABLE  IX.  Observed  Refractivities* 
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TABLE  XXa 


Comparison  of  Observed  and  Calculated  Values  of  Refractivity. 
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Wavelengths 
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TABLE  X.  Pressures  and  Temperatures. 


Plate 

Temp,  in 
Degrees 
Centigrade 

Pressure  in  mm.  of  mercury 

Initial 

ITeon 

"so11®- 

Visible 

198 

8r2536 
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Ultra  Tiole 

Final 
it  Heon 

11 

21.393 

758.57 

758.58 

758. 68 

758.77 

758.92 

12 

21.398 

756.36 

756.46 

756.59 

756.73 

756.93 

13 

21.397 

755.30 

755.34 

755.44 

755.54 

755.?^ 

14 

21.398 

757.91 

757.95 

758.04 

758.12 

758.27 

15 

21.399 

760.52 

760.66 

760.70 

760.95 

761.16 

1 6 

21.396 

756.56 

756.64 

756.76 

756. 94 

757. 28 

17 

a.  396 

758.30 

758.41 

758.59 

758.75 

758.95 

18 

21.397 

758.46 

758.51 

758.65 

758.80 

759.03 

19 

21.398 

758.36 

758.30 

758.44 

758.56 

758.72 
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